Introduction
============

The National Comprehensive Cancer Network Guidelines indicate that intracavitary brachytherapy (ICBT) is an essential form of definitive radiotherapy (RT) for cervical cancer \[[@b1-roj-2018-00353]\]. Earlier two-dimensional (2D) ICBT methods were well defined in the International Commission on Radiation Units (ICRU) Report 38 \[[@b2-roj-2018-00353]\]. In the 2000s, developments in treatment planning and imaging techniques led to the introduction of computed tomography (CT)-based and magnetic resonance imaging (MRI)-based three-dimensional (3D) ICBT. The 3D ICBT guidelines of the Groupe Européen de Curiethérapie--European Society for Radiotherapy and Oncology (GEC-ESTRO) Working Group are now widely used \[[@b3-roj-2018-00353]-[@b6-roj-2018-00353]\].

Previous studies found significant differences in the dose distribution profiles of 3D ICBT and 2D ICBT \[[@b7-roj-2018-00353]\], affecting the incidences of complications in healthy organs such as the bladder and rectum \[[@b8-roj-2018-00353],[@b9-roj-2018-00353]\]. Another study found that interfractional differences in dose distributions depended on variations in the locations of healthy organs \[[@b10-roj-2018-00353]\], suggesting that organ location may affect dose distribution. In recent studies evaluating clinical outcomes in terms of local control and toxicities, delivery of a prescribed dose to the high-risk clinical target volume (HR-CTV) via 3D ICBT improved local control and reduced gastrointestinal and genitourinary toxicities such as rectal bleeding and cystitis \[[@b11-roj-2018-00353]-[@b15-roj-2018-00353]\].

We implemented MRI-based treatment when 3D ICBT was introduced in our institution. We found that the brachytherapy doses prescribed by treatment plans were affected by individual anatomical variations. Despite plan optimization, the target dose and the tolerance doses of organs at risk (OARs) were unsatisfactory in some treatment plans. However, few institutions engage in 3D ICBT; most employ 2D ICBT. Therefore, we compared the dose distributions of 2D and 3D ICBT by anatomical variations.

Materials and Methods
=====================

1. Patient characteristics
--------------------------

From May 2015 to December 2016, we studied 50 patients who underwent RT to treat histologically confirmed cervical cancer in a single institute. All patients received external RT (median dose, 45 Gy; range, 36 to 54 Gy, 1.8 Gy/fraction, 5 fractions/week) and MRI-based 3D ICBT (30 Gy; 5 Gy/fraction, 2 fractions/week). The median age was 53.5 years (range, 33 to 87 years). Most patients had stage IIB squamous cell carcinoma, and almost all underwent concurrent chemoradiotherapy (CCRT). Brachytherapy generally employed a 30° tandem with ring-type ovoid. Patient characteristics are listed in [Table 1](#t1-roj-2018-00353){ref-type="table"}.

2. 3D ICBT
----------

At our institution, ICBT is a component of definitive CCRT or RT for cervical cancer. In general, ICBT is performed after delivery of external RT of about 45 Gy; ICBT simulation is performed when the external RT attains 40 Gy. Prior to treatment, the patient is given an enema to control bladder and rectal volumes, and intravenous analgesia is used to prevent pain. The patient is taken to the brachytherapy room and placed in a lithotomy positioning device. A Foley catheter is introduced into the bladder and approximately 150 mL normal saline injected, due to reduce unwanted anatomical variations. Tandem and ovoid applicators are inserted into the uterus/fornix via the vagina, and a rectal retractor then inserted to increase the distance between the rectum and cervix. After applicator installation, CT is performed to check tandem positioning, bladder volume, and small bowel distribution around the treatment site. If these are satisfactory, MRI is performed, and the physician uses the MRI images to contour the target and normal organs. A physicist implements 3D ICBT using the dose distribution of the 2D ICBT plan (point A prescription), and the 3D ICBT plan is optimized to meet the required criteria using the isodose lines and pre-drawn structures. A physician confirms the plan, and twice-weekly treatment follows.

3. Dose distributions by planning method
----------------------------------------

We reviewed the MRI-based ICBT plans of all patients. To enable comparison of the 2D and 3D ICBT plans, we created a 2D ICBT plan with the same dose prescriptions to point A as those on the contoured MR images used for treatment planning. Seven structures were contoured on MR images: gross tumor volume (GTV), HR-CTV, intermediate-risk CTV (IR-CTV), the rectum, the bladder, the sigmoid colon, and the small bowel. The target volumes were defined according to the recommendations of the GEC-ESTRO Working Group (I) \[[@b3-roj-2018-00353]\].

We defined six anatomical differences that may affect dose distribution ([Fig. 1](#f1-roj-2018-00353){ref-type="fig"}), as follows: (1) bowel V~2Gy~ (the volume of the bowel receiving a dose \>2 Gy at point A in 2D ICBT); (2) bowel circumference (the proportion of the circumference incorporated in the V~2Gy~ region around the uterus); (3) bladder distension direction (the direction in which the bladder extends when filled with urine); (4) bladder volume (the volume of the bladder when filled with urine or normal saline); (5) the sigmoid V~3.5Gy~ (the volume of the sigmoid colon receiving a dose \>3.5 Gy at point A in 2D ICBT); and (6) the sigmoid circumference (the proportion of the circumference incorporated in the V~3.5Gy~ region around the uterus). The 2 Gy and 3.5 Gy doses were based on the tolerance dose of each organ, with consideration of the external radiation doses to the whole pelvis. The circumference was the mean circumference ratio of each MRI slice along the length of the tandem. Seven dose parameters were measured in reference to the above anatomical variations: GTV ~D98%~, HR-CTV D~98%~, IR-CTV D~98%~, rectum D~2mL~, sigmoid D~2mL~, bladder D~2mL~, and small bowel D~2mL~ ([Fig. 2](#f2-roj-2018-00353){ref-type="fig"}). These parameters are those that the EMBRACE guidelines recommend for consideration when performing 3D ICBT \[[@b11-roj-2018-00353]\]. The D~98%~ is the dose received by 98% of the target volume, and the D~2mL~ the minimum dose received by a 2 mL volume. Dose parameters were converted to equivalent doses in 2 Gy (EQD~2~) values.

The mean dose parameters were compared between 2D and 3D ICBT using the paired t-test and the Wilcoxon signed-rank test. Differences with p-values \<0.05 were considered significant.

Results
=======

Bladder variations were investigated in terms of the direction of bladder distension and bladder volume. The directions of distension were subdivided into superior-inferior, anterior-posterior, and bilateral (6, 36, and 8 women, respectively); bladder volumes were subdivided into ≤150, 150--250, and ≥250 mL. We found no significant differences in any dose parameters of the target volume or healthy organs by the direction of bladder extension. However, each bladder volume subgroup exhibited a significant difference in at least one dose parameter ([Table 2](#t2-roj-2018-00353){ref-type="table"}). Although none of the target volume dose parameters (except GTV D~98%~ in 150--250 mL subgroup) differed significantly between 2D and 3D ICBT. The rectum D~2mL~ (p = 0.010), sigmoid D~2mL~ (p = 0.046), and bladder D~2mL~ (p = 0.001) were significantly lower with 3D ICBT than 2D ICBT in the bladder volume \>250 mL subgroup.

In terms of sigmoid V~3.5Gy~ analysis, the dose distributions of 2D ICBT and 3D ICBT were compared for three patient subgroups with volumes 0, 0--2, and \>2 mL. The GTV D~98%~ was smaller for 3D than 2D ICBT, but the other target volume dose parameters did not differ significantly. The sigmoid D~2mL~ (p = 0.042) and bladder D~2mL~ (p = 0.013) differed significantly in the sigmoid V~3.5Gy~ \>2 mL subgroup ([Table 3](#t3-roj-2018-00353){ref-type="table"}).

The sigmoid circumference was divided into three subgroups: 0%, 0%--10%, and \>10% (11, 26, and 13 women, respectively). As was true of the sigmoid V~3.5Gy~, we found no significant differences in any target volume dose parameters except the GTV D~98%~. The bladder D~2mL~ was significantly lower for 3D ICBT ([Supplementary Table S1](#SD1){ref-type="supplementary-material"}). Even if the circumference percentage ratio was small, the bladder D~2mL~ was significantly reduced in 3D ICBT.

The small bowel V~2.0Gy~ and circumference were divided into three subgroups: 0, 0--10, and \>10 mL (21, 19, and 10 women, respectively) and 0%, 0%--15%, and \>15% (21, 21, and 8 women, respectively). In subgroups with small bowel V~2.0Gy~ over 10 mL and circumference ratios over 15%, most of the target dose parameters were significantly reduced for 3D than 2D ICBT. In the subgroup with a small bowel V~2.0Gy~ over 10 mL, both of the bladder and bowel D~2mL~ were significantly decreased. In the subgroup with a bowel circumference ratio over 15%, both of the sigmoid and bowel D~2mL~ values were significantly decreased. The bladder D~2mL~ was not significantly affected ([Supplementary Tables S2](#SD2){ref-type="supplementary-material"} and [S3](#SD3){ref-type="supplementary-material"}).

Discussion and Conclusion
=========================

We thought that the most important subgroup in this study was the group with a bladder volume \>250 mL. As doses are prescribed in reference to anatomical variations in 3D ICBT, the dose to target may be lower in 3D ICBT than in 2D ICBT. However, in the subgroup mentioned above, the advantage afforded by 3D ICBT is clearest: the radiation dose to normal organs is reduced without compromising the target volume dose. Because the bladder has a higher tolerance dose compared to other organs \[[@b11-roj-2018-00353]\], it has less effect on the target even if it contains a larger volume. Also, It lies directly in front of the uterus, as the bladder volume increases, the small bowel and sigmoid colon can be pushed anteriorly, superiorly, and laterally with respect to the uterus. This can prevent the small bowel and sigmoid colon from exposure to high radiation doses.

Many studies have compared the OAR doses of 2D and 3D ICBT. Pelloski et al. \[[@b16-roj-2018-00353]\] compared doses delivered by 2D ICBT and CT-based ICBT plans to the bladder and rectum of 60 patients treated from 2001 to 2006. The bladder and rectal 2D ICBT reference doses were those of the report of the ICRU. The median bladder volume at the bladder reference dosing point was 13 mL, thus lower than the bladder D~2mL~ dose (mean difference 680 ± 543 cGy; p \< 0.001) \[[@b16-roj-2018-00353]\]. Tan et al. \[[@b17-roj-2018-00353]\] performed a similar study comparing the reference point to the organ-2-mL doses in 10 patients. They found significant difference in the bladder dose (per fraction, p = 0.000; total dose, p = 0.004). The cited studies compared the reference point doses of 2D and 3D ICBT, but measured different parameters. Therefore, we evaluated differences in treatment plan doses using the same parameters ([Table 4](#t4-roj-2018-00353){ref-type="table"}).

Some studies evaluated the movements of internal organs dosimetrically rather than clinically when measuring dose changes associated with intra- and inter-fractional movements \[[@b10-roj-2018-00353],[@b18-roj-2018-00353]\]. Kobayashi et al. \[[@b10-roj-2018-00353]\] measured dose variations between fractions. After delivery of external RT, ICBT was performed four times (total dose, 24 Gy) and CT images obtained after each treatment; organs were contoured on the images and the organ doses associated with each treatment calculated. The differences in the cumulative doses for each index were: bladder D~2mL~, 0.3±0.8 Gy; bladder D~0.1mL~, 2.2±0.6 Gy. Mazeron et al. \[[@b18-roj-2018-00353]\] subjected intra-fractional organ movements to dose analyses by performing MRI after procedures featuring ICBT simulation, and CT on days 1--3 of treatment, when pulsed-dose-rate brachytherapy was employed. They found no significant movement of the bladder or sigmoid colon during treatment \[[@b18-roj-2018-00353]\]. Thus, these findings suggest that the internal organs are always in motion, and that organ positions differ among patients. As we delivered high-dose-rate brachytherapy, there was different dose rate delivery concept between this study and our study.

To date, dosimetric studies considering anatomical variations have focused primarily on bladder volume. Siavashpour et al. \[[@b19-roj-2018-00353],[@b20-roj-2018-00353]\] assessed the differences in doses received by other healthy organs by variations in bladder volume, and attempted to determine the optimal bladder volume. They categorized the bladder as empty (the bladder volume was unregulated after enema) or full (120 mL). CT images of empty and full bladders were obtained during each phase of bladder filling; dose contouring and planning were based on the GEC-ESTRO recommendations. The relative differences in rectum and sigmoid D~2mL~ values by bladder status (empty vs. full) were not statistically significant (rectum D~2mL~: 0.7% ± 8.2%, p = 0.726; sigmoid D~2mL~: 0.3% ± 11.5%, p = 0.901). The cited authors then subdivided bladder volume into four categories, \<70, 70--110, 110--170, and \>170 mL, in reference to the absolute dose. The dose distributions to the bladder, rectum, and sigmoid colon were lowest when the bladder volume was \<70 mL \[[@b20-roj-2018-00353]\]. Sharma et al. \[[@b21-roj-2018-00353]\] used the same volume categories to assess the effect of bladder volume on doses received by healthy organs; the bladder D~2mL~ increased by approximately 7% when bladder volume exceeded 170 mL. The dose to the rectum was highest and the sigmoid D~2mL~ greatest in the 70--110 mL subgroup \[[@b21-roj-2018-00353]\].

Compared to previous studies ([Table 5](#t5-roj-2018-00353){ref-type="table"}), the strength of our present study is that we considered how anatomical variations affected dose distributions. Previous studies have principally focused on bladder volume, with few studies on other organs. In addition, we identified certain parameters predicting doses of final 3D ICBT treatment plans by establishing criteria for various anatomical variations. In particular, bladder volume \>250 mL indicated that 3D ICBT treatment planning would optimize dose distribution.

Our study had several limitations. The first is the small sample size, as we have only treated a small number of patients with 3D ICBT. Patients exhibiting cervical or parametrial invasion who were suitable for comparative dosing were selected; patients with advanced disease (such as disease featuring bladder invasion) were excluded. In addition, we divided all patients into subgroups consisting of even fewer patients, which compromised statistical power. The second limitation is that we did not study all known anatomical variations. Such variations are organ-specific; different criteria are used to evaluate each different organ. The overall anatomical variation of any patient is a combination of the variations in each organ. Despite these limitations, we suggest that that our study is meaningful, because we introduced a new concept.

In conclusion, previous studies on ICBT dose distributions by anatomical variations focused principally on the bladder, and information on other organs is lacking. We compared dose distribution of 2D ICBT and those of 3D ICBT by variations in the sigmoid colon, rectum, small bowel, and bladder. Of the pelvic anatomical variations studied, bladder volume over 250 mL was the most important in terms of reducing the dose to internal organs without affecting the target dose during 3D compared to 2D ICBT. Further prospective studies or larger size of studies would be required.
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Table S1. Comparisons of dose parameters according to sigmoid circumference.
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Table S2. Comparisons of dose parameters according to bowel V~2Gy~.

###### 

Table S3. Comparisons of dose parameters according to bowel circumference.

![Axial magnetic resonance imaging showing outlines of anatomical variations in the bowel and sigmoid.](roj-2018-00353f1){#f1-roj-2018-00353}

![Example dose-volume histogram (DVH) of the seven dose parameters measured. ROI, region of interest; GTV, gross tumor volume; HR-CTV, high-risk clinical target volume; IR-CTV, intermediate-risk clinical target volume.](roj-2018-00353f2){#f2-roj-2018-00353}

###### 

Patients' characteristics

  Characteristic            Value
  ------------------------- ---------------
  Age (yr)                  53.5 (33--87)
  Menopause status          
   Pre-menopause            21 (42)
   Post-menopause           29 (58)
  Stage                     
   IB--IIA2                 15 (30)
   IIB                      30 (60)
   III--IV                  5 (10)
  Pathology                 
   SqCC                     43 (86)
   Others                   7 (14)
  Oscillation length (cm)   5 (3.5--6.0)
  Tandem degrees            
   30°                      44 (88)
   Others                   6 (12)
  Ovoid type                
   Ring                     39 (78)
   Fletcher                 11 (22)
  Chemotherapy              
   CCRT                     48 (96)
   No                       2 (4)

Values are presented as median (range) or number (%).

SqCC, squamous cell carcinoma; CCRT, concurrent chemoradiotherapy.

###### 

Comparisons of dose parameters according to bladder volume

  Bladder volume (mL)   EQD~2~ (Gy)                                                                                                              
  --------------------- ----------------- ----------------- ------------- ---------------- ----------------- ---------------- ------------------ -----------------
  \<150 (n = 13)        2D                124.3 ± 52.2      83.6 ± 10.2   66.2 ± 9.6       **59.8 ± 7.4**    64.8 ± 8.9       73.0 ± 9.1         59.9 ± 16.8
  3D                    115.1 ± 41.4      83.0 ± 8.2        66.0 ± 5.3    **62.8 ± 8.6**   66.1 ± 7.5        76.1 ± 8.9       55.0 ± 7.8         
  150--250 (n = 21)     2D                **145.2± 60.4**   85.4 ± 12.9   66.7 ± 6.5       61.3 ± 5.2        67.8 ± 11.6      **87.5 ± 9.5**     **60.6 ± 11.7**
  3D                    **123.5± 43.8**   79.7 ± 7.7        63.9 ± 4.3    61.4 ± 5.0       64.9 ± 8.7        **81.8 ± 8.3**   **55.9 ± 5.6**     
  \>250 (n = 16)        2D                132.8 ± 43.4      77.4 ± 12.3   63.6 ± 7.9       **63.9 ± 10.5**   **67.7 ± 9.8**   **101.5 ± 16.8**   57.6 ± 13.2
  3D                    113.8 ± 17.7      76.8 ± 7.8        63.3 ± 5.0    **61.1 ± 8.4**   **64.6 ± 9.6**    **84.7 ± 4.3**   54.0 ± 8.3         

Values are presented as mean ± standard deviation.

Bold type was statistically significant factor.

EQD~2~, 2 Gy equivalent dose; GTV, gross tumor volume; HR-CTV, high-risk clinical target volume; IR-CTV, intermediate-risk clinical target volume; 2D, two-dimensional; 3D, three-dimensional.

###### 

Comparisons of dose parameters according to sigmoid V~3.5Gy~

  Sigmoid V~3.5Gy~ (mL)   EQD~2~ (Gy)                                                                                                         
  ----------------------- ------------------ ----------------- ------------- ------------ ---------------- ---------------- ----------------- -----------------
  0 (n = 11)              2D                 **139.3± 42.9**   80.7 ± 14.4   63.8 ± 7.0   65.3 ± 7.7       56.4 ± 3.8       87.8 ± 17.7       **66.5 ± 15.0**
  3D                      **118.0 ± 27.1**   73.6 ± 10.7       60.7 ± 4.6    65.6 ± 8.8   56.2 ± 7.7       79.7 ± 7.6       **57.9 ± 6.8**    
  0--2 (n = 23)           2D                 134.0 ± 57.0      81.3 ± 12.5   65.4 ± 8.3   61.7 ± 6.3       65.3 ± 6.5       **88.2 ± 18.0**   **60.6 ± 14.1**
  3D                      120.3 ± 38.6       80.5 ± 7.5        64.4 ± 4.4    61.7 ± 5.9   64.8 ± 7.3       **82.0 ± 9.7**   **55.7 ± 6.7**    
  \>2 (n = 16)            2D                 **135.9± 56.2**   85.0 ± 10.7   67.1 ± 7.7   59.4 ± 9.4       **76.7 ± 9.3**   **88.5 ± 13.0**   53.0 ± 8.3
  3D                      **115.4 ± 40.3**   82.6 ± 4.0        66.6 ± 4.2    58.8 ± 6.4   **71.5 ± 4.4**   **81.4 ± 5.5**   52.1 ± 6.9        

Values are presented as mean ± standard deviation.

Bold type was statistically significant factor.

EQD~2~, 2 Gy equivalent dose; GTV, gross tumor volume; HR-CTV, high-risk clinical target volume; IR-CTV, intermediate-risk clinical target volume; 2D, two-dimensional; 3D, three-dimensional.

###### 

Studies comparing 2D ICBT and 3D ICBT

  Study                                       Year   No. of patients   Analysis                                                                                                                                          Organ at risk                                                                 Target                                                                                                                                                                                                                                    
  ------------------------------------------- ------ ----------------- ------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------- ---------------------------------------------------------------------------- ------------------------------------------------------------------------------ ----------------------------------------------------------------------------- ----------------------------------------------
  Pelloski et al. \[[@b17-roj-2018-00353]\]   2005   60                Mean difference (D~2mL~-- ICRU^[a)](#tfn1-roj-2018-00353){ref-type="table-fn"}^) (cGy)                                                            21 ± 344                                                                      680 ± 543                                                                    N/A^[b)](#tfn2-roj-2018-00353){ref-type="table-fn"}^                           N/A                                                                           N/A
  Tan et al. \[[@b18-roj-2018-00353]\]        2010   10                Average ratio (D~2mL~/ICRU)                                                                                                                       1.04 ± 0.06                                                                   1.16 ± 0.12                                                                  N/A                                                                            N/A                                                                           N/A
  Present study                               2018   50                Direct comparison of same dose parameters (organ D~2mL~, target D~98%~) subgroup analysis^[c)](#tfn3-roj-2018-00353){ref-type="table-fn"}^ (Gy)   63.9 ± 10.5^[d)](#tfn4-roj-2018-00353){ref-type="table-fn"}^ vs. 61.1 ± 8.4   67.7 ± 9.8^[d)](#tfn4-roj-2018-00353){ref-type="table-fn"}^ vs. 64.6 ± 9.6   101.5 ± 16.8^[d)](#tfn4-roj-2018-00353){ref-type="table-fn"}^ vs. 84.7 ± 4.3   57.6 ± 13.2^[d)](#tfn4-roj-2018-00353){ref-type="table-fn"}^ vs. 54.0 ± 8.3   Insignificance of all target dose parameters

Values are presented as mean ± standard deviation.

Bold type was statistically significant factor.

ICRU, International Commission on Radiation Units; N/A, not available.

Reference point of ICRU.

It was not analyzed.

Subgroups were divided by 6 anatomical variations (small-bowel V~2Gy~, small bowel circumference, the direction of bladder distension, bladder volume, sigmoid V~3.5Gy~, and sigmoid circumference).

Results of the most important subgroup (bladder volume over 250 mL).

###### 

Comparison of the effect of bladder volume on organ at risk with previous studies

  Study                                                                              No. of patients            Subgroup (by bladder volume, mL)   Prescribed dose (Gy/fx)   Analysis                                                                  Organ at risk                                                                                               
  ---------------------------------------------------------------------------------- -------------------------- ---------------------------------- ------------------------- ------------------------------------------------------------------------- -------------------------------- ---------------------------------------- --------------------------------- ------------------------------------------------------
  Siavashpour et al. \[23\], 2016                                                    20                         Empty, Full                        7                         Mean difference percentage of aim dose of organ D~2mL~ (Full -- Empty)    0.7 ± 8.2                        **8.8 ± 18.5**                           0.3 ± 11.5                        N/A^[a)](#tfn5-roj-2018-00353){ref-type="table-fn"}^
  Siavashpour et al. \[24\]^[b)](#tfn6-roj-2018-00353){ref-type="table-fn"}^, 2016   32                         ≤70                                7                         Dose comparison among subgroups using ANOVA                               **The highest in 110-170 mL**    **The smaller volume, the lower dose**   The highest in ≥170 mL            N/A
  70--110                                                                                                                                                                                                                                                                                                                                                          
  110--170                                                                           **The lowest in ≤70 mL**   The lowest in 70--110 mL                                                                                                                                                                                                                           
  ≥170                                                                                                                                                                                                                                                                                                                                                             
  Sharma et al. \[25\]^[b)](#tfn6-roj-2018-00353){ref-type="table-fn"}^, 2018        75                         \<70                               7.5                       Dose comparison among subgroups using ANOVA                               **The lowest in 110--170 mL**    The larger volume, the higher dose       The highest in 70--110 mL         N/A
  70--110                                                                                                                                                                                                                                                                                                                                                          
  110--170                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                ≥170                                                                                                                                                                                                                                               
  Present study, 2018                                                                50                         ≤150                               5                         Dose comparison 2D ICBT to 3D ICBT using paired-t in each subgroup (Gy)   **63.9 ± 10.5 vs. 61.1 ± 8.4**   **67.7 ± 9.8 vs. 64.6 ± 9.6**            **101.5 ± 16.8 vs. 84.7 ± 4.3**   57.6 ± 13.2 vs. 54.0 ± 8.3
  150--250                                                                                                                                                                                                                                                                                                                                                         
  \>250^^[c)](#tfn7-roj-2018-00353){ref-type="table-fn"}^^                                                                                                                                                                                                                                                                                                         

Values are presented as mean ± standard deviation.

Bold type was statistically significant factor.

ANOVA, analysis of variance; N/A, not available; 2D ICBT, two-dimensional intracavitary brachytherapy; 3D ICBT, three-dimensional intracavitary brachytherapy.

It was not analyzed.

The results were not presented with exact values and were represented graphically.

The most important subgroup (the results of this subgroup were cited as a result of the OAR dose in Table 5).
